Campylobacter coli and Campylobacter jejuni are two of the most common causative agents of food-borne gastroenteritis in numerous countries worldwide. In Brazil, campylobacteriosis is underdiagnosed and under-reported, and few studies have molecularly characterized Campylobacter spp. in this country. The current study genotyped 63 C. coli strains isolated from humans (n512), animals (n521), food (n510) and the environment (n520) between 1995 and 2011 in Brazil. The strains were genotyped using pulsed-field gel electrophoresis (PFGE), sequencing the short variable region (SVR) of the flaA gene ( flaA-SVR) and high-resolution melting analysis (HRMA) of the clustered regularly interspaced short palindromic repeat (CRISPR) locus to better understand C. coli genotypic diversity and compare the suitability of these three methods for genotyping this species. Additionally, the discrimination index (DI) of each of these methods was assessed. Some C. coli strains isolated from clinical and non-clinical origins presented $80 % genotypic similarity by PFGE and flaA-SVR sequencing. HRMA of the CRISPR locus revealed only four different melting profiles. In total, 22 different flaA-SVR alleles were detected. Of these, seven alleles, comprising gt1647-gt1653, were classified as novel. The most frequent genotypes were gt30 and gt1647.This distribution reveals the diversity of selected Brazilian isolates in comparison with the alleles described in the PubMLST database. The DIs for PFGE, flaA-SVR sequencing and CRISPR-HRMA were 0.986, 0.916 and 0.550, respectively. PFGE and flaA-SVR sequencing were suitable for subtyping C. coli strains, in contrast to CRISPR-HRMA. The high genomic similarity amongst some C. coli strains confirms the hypothesis that environmental and food sources potentially lead to human and animal contamination in Brazil.
INTRODUCTION
Thermotolerant Campylobacter spp., particularly Campylobacter coli and Campylobacter jejuni, are some of the most common causative agents of food-borne gastroenteritis in many countries worldwide. Approximately 190 000 human cases of food-borne gastroenteritis in humans are reported in the European Union each year, and *9 million cases are estimated to occur (EFSA, 2015) . According to the US Centers for Disease Control and Prevention, Campylobacter spp. are the leading cause of bacterial diarrhoeal IP: 54.70.40.11
On: Wed, 02 Jan 2019 17:46:24 2013), as C. coli accounts for 1-25 % of all Campylobacterrelated diarrhoeal diseases (Friedman et al., 2004; Gürtler et al., 2005) . Moreover, in addition to gastrointestinal manifestations, C. coli has been reported to cause bacteraemia, sepsis, meningitis and spontaneous abortion, amongst other complications (Blaser et al., 1986; Selander, 1993) .
Due to the impact of Campylobacter on public health, epidemiological studies analysing the genetic diversity of isolates of this genus are very important. Several molecular typing methods have been used for this purpose (Fry et al., 2000; Wassenaar & Newell, 2000) , amongst which macrorestriction analysis by pulsed-field gel electrophoresis (PFGE) has been extensively used for molecular typing of thermophilic Campylobacter spp. (Ribot et al., 2001; Praakle-Amin et al., 2007; Lyhs et al., 2010; O'Leary et al., 2011) . PFGE is generally accepted as one of the best discriminatory typing methods currently available for the subtyping of Campylobacter spp., and has provided important information regarding the genotypic diversity and epidemiology of this genus (Olsen et al., 2001a, b) . Furthermore, sequencing the short variable region (SVR) of the flagellin A ( flaA) gene has been described as one of the most efficient and reliable methods for genotyping Campylobacter spp. strains. This method produces discriminatory power either similar to or higher than PFGE and multilocus sequence typing (Meinersmann et al., 1997) . Additionally, flaA-SVR nucleotide alleles are compiled on a central website (http://pubmlst.org/ campylobacter/), making it possible to access flaA-SVR allele types of Campylobacter spp. strains isolated around the world.
High-resolution melting analysis (HRMA) has been applied to characterize hypervariable regions, such as clustered regularly interspaced short palindromic repeat (CRISPR) loci (Smith et al., 2010) . CRISPR loci are a class of short sequence repeats that have been found in many bacterial genomes and are composed of near-perfect direct repeats interspersed with similarly sized non-repetitive spacer sequences (Mojica et al., 2000 (Mojica et al., , 2005 Jansen et al., 2002) . HRMA consists of a one-step, closed-tube post-PCR assay that detects nucleotide sequence variation within a specific locus via melting curve analysis of amplicons using saturating, dsDNA-binding dyes to monitor the melting transition of DNA (Wittwer, 2009; Lévesque et al., 2011) . The efficiency of HRMA in discriminating CRISPR genotypes in C. jejuni was demonstrated by Price et al. (2007) . However, the suitability of this method for genotyping C. coli strains has never been assessed.
In Brazil, campylobacteriosis is underdiagnosed and underreported. Therefore, there is a paucity of studies that molecularly characterize Campylobacter spp. strains (Aquino et al., 2002 (Aquino et al., , 2010 da Silva Quetz et al., 2010; Scarcelli et al., 2005 Scarcelli et al., , 2009 . The majority of studies conducted in Brazil have focused on the occurrence and antimicrobial resistance of C. jejuni and C. coli (Aquino et al., 2002; Gomes et al., 2006; Franchin et al., 2007; Fica et al., 2012) .
The current study genotyped C. coli strains isolated from human, animal, food and environmental sources over a 16 year period in Brazil. Genotyping was accomplished using PFGE, flaA-SVR sequencing and HRMA of the CRISPR locus. The goal of these efforts was to better understand the genotypic diversity of C. coli and to compare the suitability of these three methods for genotyping this species.
METHODS
Bacterial strains. A total of 63 C. coli strains were studied. Those strains were isolated from human faeces (n512 strains), animals (n521 strains), the environment (n520 strains) and food (n510 strains) from some cities of Rio de Janeiro, Sao Paulo and Minas Gerais States in the south-east region of Brazil between 1995 and 2011. These strains were selected from the collections of the Campylobacter reference laboratories of the Oswald Cruz Institute of Rio de Janeiro (FIOCRUZ) and the Adolfo Lutz Institute of Ribeirao Preto in Brazil. They were systematically chosen to represent isolates from sporadic cases of the two collections of the reference laboratories mentioned above that occurred during different years. Table 1 lists the year, source and isolation location of the 63 C. coli strains studied.
Genus and species confirmation. The C. coli strains were grown at 42 uC overnight on BBL Columbia Agar Base (Becton Dickinson), supplemented with charcoal (Neon) and FBP [(0.05 % ferrous sulphate (Labsynth), 0.05 % sodium pyruvate (Vetec) and 0.05 % sodium metabisulphite (Labsynth) diluted in sterile water] under microaerobic conditions (10 % CO 2 , 5 % O 2 and 85 % N 2 ).
The strains were then placed directly in Solution 1 (20% saccharose, 50 mM Tris-HCl, pH 8.0 and 50 mM EDTA) and the genomic DNA of each strain was extracted as described by Campioni & Falcão (2014) .
The quantity of DNA was determined using a NanoDrop 1000 (Thermo Fisher Scientific), and its purity was estimated as described by Sambrook & Russell (2001) . The specific regions of the 16S rRNA, ceuE and mapA genes were amplified by PCR to molecularly confirm the genus and species, as described by Denis et al. (1999) .
PFGE typing and analysis. Agarose blocks of the 63 strains listed in Table 1 were prepared using the protocol described by Ribot et al. (2001) , with some modifications. The modifications were made at the initial stage: the bacterial strains were grown as described above. Several colonies were selected and suspended in PBS (0.01 mol l 21 , pH 7.4) until OD 600 0.57-0.82 was reached. Aliquots of adjusted cell suspensions were transferred to 1.5 ml microcentrifuge tubes containing 20 ml proteinase K (20 mg ml 21 stock; Life Technologies) and mixed gently by inverting the tubes two to four times. Next, the cell suspensions were warmed to 60 uC and mixed with 200 ml 1 % Seakem Gold agarose (Lonza). Aliquots of 70 ml suspension were cast in individual DNA-plug moulds. The plugs were digested with 40 U Sma I (Life Technologies) at 25 uC for 2 h. Macrorestriction fragments were resolved by counter-clamped homogeneous electric field electrophoresis in a CHEF-DR III apparatus (Bio-Rad), with an electric field of 6 V cm 21 and an angle of 120u. The migration of fragments was performed at 14 uC in 0.5| TBE buffer (4.5 mmol Tris l 21 /45 mmol boric acid l 21 /1 mmol EDTA l 21 , pH 8.0) and 1.0 % Seakem Gold agarose (Lonza). The pulse times were ramped from 6.8 to 35.4 s over 19 h, as described by Ribot et al. (2001) .
A Salmonella serotype Braenderup H9812 strain was chosen as a reference for the molecular mass standard and was included three times on each gel to allow for comparison of the fingerprinting over several gels. A Salmonella typhimurium ATCC 13311 strain was used as outgroup. The gels were stained with ethidium bromide (0.5 ml ml 21 ) for 30 min and destained in distilled water for 80 min. The restriction fragments were visualized under UV light.
The relatedness amongst the PFGE profiles was analysed with BioNumerics 7.1 (Applied Maths). Only bands representing fragments between 20.5 and 1135 kb in size were included in the analysis. A similarity dendrogram was constructed by the unweighted pair group with arithmetic mean (UPGMA) method using the Dice similarity coefficient and a position tolerance of 1.0.
Sequencing the SVR of the flaA gene. Genomic DNA extraction of the 63 C. coli strains listed in Table 1 was performed as described above. All amplifications of the flaA gene were carried out in a total volume of 50 ml with 50 ng DNA template, 25 pmol 59-ATGGGAT-TTCGTATTAACAC-39 and 59-CTGTAGTAATCTTAAAACATTT-TG-39 primer pair described by Wassenaar & Newell (2000) (Integrated DNA Technologies), 1| PCR buffer (Life Technologies), each deoxyribonucleotide at 0.2 mmol l 21 (Life Technologies), 2 mmol MgSO 4 l 21 (Life Technologies) and 1 U Taq DNA Polymerase High Fidelity (Life Technologies). A sample of the complete mix without DNA was used as a negative control in all runs. The PCR was performed in a DNAEngine Peltier Thermal Cycler (Bio-Rad). Amplicons of 1713 bp were detected by electrophoresis in a 1.5 % agarose gel stained with ethidium bromide (0.5 mg ml
21
) and observed under UV light. Thereafter, the amplicons were purified for sequencing with a PureLink Quick PCR Purification kit (Life Technologies) according to the manufacturer's recommendations.
For sequencing of the SVR of the flaA gene, the purified amplicons were resubmitted to amplification using the 59-CTATGGATGAGC-AATT(AT)AAAAT-39 and 59-CAAG(AT)CCTGTTCC(AT)ACTGA-AG-39 primer pair (Integrated DNA Technologies) described by Meinersmann et al. (1997) . The programme used was: initial cycle of 1 min at 95 uC, and 35 cycles of 10 s at 95 uC, 5 s at 51 uC and 4 min at 60 uC. Automated DNA sequencing was performed with an ABI 3500xL sequencer (Life Technologies). The flaA-SVR nucleotide allele nomenclature was based on the Oxford database found at http:// pubmlst.org/campylobacter/.
HRMA of the CRISPR locus. Analysis of the CRISPR locus was performed by HRMA using the protocol described by Souza & Falcão (2012) . Briefly, the reaction was performed in 20 ml reaction mixtures that contained 10 ml MeltDoctor HRM Master Mix (Life Technologies), 1.2 ml each primer at 0.5 mg ml 2 1 , 4 ml genomic DNA at 5 ng ml 21 , and 3.6 ml DNase and RNase-free distilled water (Life Technologies). The primers used were 59-GCAACCTCCTTTTAGTG-GAGTAATTAG-39 and 59-AAGCGGTTTTAGGGGATTGTAAC-39 (Integrated DNA Technologies) described by Price et al. (2007) . The PCR conditions were: 1 cycle of 95 uC for 10 min and 45 cycles consisting of 95 uC for 15 s and 58 uC for 1 min. Reaction mixtures without the DNA template were used as negative controls.
Real-time PCR cycling was performed on a 7500 Fast Real-Time PCR System (Applied Biosystems) and all of the reactions were performed in 96-well optical plates (Applied Biosystems) that were covered with optical adhesive (Applied Biosystems).
The HRMA step was performed immediately after PCR cycling. The amplicons were heated to 95 uC for 10 s and then cooled to 60 uC for 1 min. The melting curves were generated by increasing the temperature from 60 to 95 uC in 1.6 uC s 21 increments and fluorescence was detected every 0.1 s. To make the data uniform, the raw melting curves were normalized by manually adjusting one region before the double-stranded product was melted (pre-melting region) and another region after the amplicon was completely melted (postmelting region). The normalized melting curve data were analysed with HRM 2.0.1 (Applied Biosystems) according to the manufacturer's instructions. The software grouped together amplicons that had similar normalized melting curves so that the differences amongst sets of amplicons could be easily identified.
Discrimination index (DI). The discrimination index of PFGE, as well as flaA-SVR sequencing and analysis of the CRISPR locus by HRMA, was assessed by Simpson's diversity index, as presented by Hunter & Gaston (1988) .
RESULTS

Genus and species confirmation
All strains analysed in this study were confirmed to belong to the species C. coli.
PFGE
PFGE revealed 45 different PFGE types in the 63 evaluated strains. These strains, listed in Table 1 , were grouped into two clusters: PFGE-A and PFGE-B (Fig. 1) . Cluster Dendrogram representing genetic relationships amongst the 63 studied C. coli strains, which were isolated from humans (n512), animals (n521), the environment (n520) and food (n510) based on PFGE fingerprints. Phylogenetic analysis was performed using BioNumerics 7.1. Similarity (%) between patterns was calculated using the Dice index and is represented by the numbers alongside the nodes. The data were sorted using the UPGMA method. RJ, Rio de Janeiro; SP, Sao Paulo; MG, Minas Gerais.
PFGE-A was subdivided into seven subclusters composed of strains with i80 % similarity; these were designated PFGE-A1, PFGE-A2, PFGE-A3, PFGE-A4, PFGE-A5, PFGE-A6 and PFGE-A7. The PFGE-B cluster was subdivided into three subclusters, designated PFGE-B1, PFGE-B2 and PFGE-B3. The PFGE-A and PFGE-B clusters shared 44.9 % similarity (Fig. 1) . The CCAMP 1000 strain, isolated from an animal in 2007, and the CCAMP 502 strain, isolated from a human in 1999 in Rio de Janeiro State, presented v42.3 % genomic diversity with the other strains, and therefore were not grouped into either the PFGE-A or PFGE-B clusters. Fig. 1 shows a dendrogram constructed based on the PFGE profiles obtained. Cluster PFGE-A comprised 45 (71.4 %) strains, including nine strains isolated from humans, 16 isolated from animals, eight isolated from food and 12 isolated from the environment. All of the strains were isolated between 1995 and 2011, and exhibited 48.4 % similarity. Although this analysis indicated a high degree of genomic diversity, some strains exhibited i80 % genotypic similarity; these were grouped into seven subclusters. Subcluster PFGE-A1 comprised nine strains exhibiting i81.6 % similarity. These strains were isolated from humans (n52), animals (n52) and the environment (n55) between 1996 and 2004 in Rio de Janeiro, Sao Paulo and Minas Gerais States. Subcluster PFGE-A2 grouped three indistinguishable strains isolated from food sources in 2010 in Rio de Janeiro State. Subcluster PFGE-A3 was composed of four strains exhibiting i85.7 % similarity. These were isolated from a human (n51), animals (n52) and the environment (n51) between 1996 and 2004 in Rio de Janeiro State. Subcluster PFGE-A4 grouped two indistinguishable strains isolated from the environment and animals in 1997 and 1998 in Rio de Janeiro State. Subcluster PFGE-A5 included 11 strains exhibiting i81.4 % similarity that were isolated from humans (n54), animals (n52) and food (n55) between 1996 and 2011 in Rio de Janeiro State. Subcluster PFGE-A6 grouped three strains exhibiting i88.9 % similarity; two indistinguishable strains isolated from the environment and animals in 1995 and 1996 were included, as well as one strain isolated from an animal in 2003 in Rio de Janeiro State. Subcluster PFGE-A7 included two strains with i94.7 % similarity isolated from the environment in 2004 in Minas Gerais State (Fig. 1) .
Cluster PFGE-B comprised 16 (25.4 %) strains exhibiting i55.5 % similarity; these included two strains isolated from humans, two isolated from food sources, eight isolated from the environment and four isolated from animals between 1995 and 2010 in Sao Paulo and Rio de Janeiro States. As with cluster PFGE-A, strains that exhibited i80 % genomic similarity were subdivided into three subclusters. Subcluster PFGE-B1 grouped two strains with i94.7 % that were isolated from humans in 2003 in Sao Paulo State. Subcluster PFGE-B2 grouped two indistinguishable strains isolated from the environment and an animal in 1995 in Rio de Janeiro State. Subcluster PFGE-B3 comprised nine strains exhibiting i84.1 % similarity isolated from animals (n53) and the environment (n56) between 1995 and 2000 in Rio de Janeiro State (Fig. 1) .
Sequencing the SVR of the flaA gene
Results from flaA-SVR sequencing of the 63 studied C. coli strains revealed 22 SVR types. The strains were grouped into two main clusters, designed SVR-A and SVR-B, and exhibited i83.1 % similarity (Fig. 2) .
Cluster SVR-A comprised seven (11.1 %) strains with i86.3 % similarity; these included one strain isolated from a human, four isolated from animals and two isolated from the environment between 1996 and 2004 in Rio de Janeiro State. These strains were subdivided into subclusters SVR-A1 and SVR-A2. Subcluster SVR-A1 comprised six strains with i98.7 % similarity isolated from animals (n54) and the environment (n52) between 1996 and 2004. Subcluster SVR-A2 included one strain isolated from a human in 1999 (Fig. 2) .
Cluster SVR-B comprised 56 (88.9 %) strains exhibiting i93.9 % similarity; these included 11 strains isolated from humans, 17 isolated from animals, 18 isolated from the environment and 10 isolated from food between 1995 and 2011 in Rio de Janeiro, Sao Paulo and Minas Gerais States. These strains were subdivided into subclusters SVR-B1 and SVR-B2. Subcluster SVR-B1 included 38 (60.3 %) strains exhibiting i97.3 % similarity that were isolated from animals (n512), the environment (n517), food (n55) and humans (n54) between 1995 and 2010 in Rio de Janeiro, Sao Paulo and Minas Gerais States. Subcluster SVR-B2 grouped 18 (28.6 %) strains with i99.5 % similarity; these were isolated from food sources (n55), humans (n57), the environment (n51) and animals (n55) between 1995 and 2011 in Rio de Janeiro and Sao Paulo States (Fig. 2 ).
In total, 22 different flaA-SVR alleles were detected. Of these, the following seven alleles were classified as novel: gt1647, gt1648, gt1649, gt1650, gt1651, gt1652 and gt1653. The most frequently detected genotypes were gt30 with gt14 isolates (22.2 %), gt1647 with nine isolates (14.3 %), gt1650 and gt66 with five isolates (7.9 %), gt17 with four isolates (6.3 %), gt910 and gt1651 with three isolates (4.8 %) and gt769, gt16, gt964 and gt1648 with two isolates (3.2 %). The aforementioned genotypes represented 79.4 % of all of C. coli listed in Fig. 2 . The following 11 alleles were present in only one strain: gt1649, gt1652, gt1523, gt530, gt236, gt1653, gt343, gt23, gt719, gt49 and gt319 (Fig. 2) .
HRMA of the CRISPR locus
The results of HRMA of the CRISPR loci of the 63 studied C. coli strains are listed in Table 1 . Four different melting profiles were produced (Fig. 3) . Melting profile 1 is represented by variant 1 and comprised 27 (42.8 %) strains isolated from humans (n55), the environment (n58), food (n55) and animals (n59) Dendrogram representing genetic relationships amongst the 63 studied C. coli strains, which were isolated from humans (n512), animals (n521), the environment (n520) and food (n510) based on flaA-SVR sequencing and analysis using the JukesCantor evolutionary distance method and UPGMA algorithm. Phylogenetic analysis was performed using BioNumerics 7.1. Bootstrap values (based on 1000 resampled datasets) are shown to the left of the nodes, whilst similarity values are presented to the right of the nodes. RJ, Rio de Janeiro; SP, Sao Paulo; MG, Minas Gerais.
in Rio de Janeiro, Sao Paulo and Minas Gerais states. Profile 2 is represented by variant 2 and comprised 33 (52.4 %) strains isolated from humans (n56), the environment (n512), food (n54) and animals (n511) between 1995 and 2010 in Rio de Janeiro, Sao Paulo and Minas Gerais States. Profile 3 is represented by variant 3 and comprised two (3.2 %) strains isolated from an animal and a human in 1999 and 2004, respectively, in Rio de Janeiro State, and profile 4 is represented by variant 4 and contained just one (1.6 %) strain, which was isolated from food in 2010 in Rio de Janeiro State. A more detailed analysis of the melting profiles is shown in Fig. 3 .
DI
The DIs were 0.986, 0.916 and 0.550 for PFGE, flaA-SVR and CRISPR-HRMA, respectively.
DISCUSSION
Campylobacter spp. are the leading causative agents of food-borne bacterial disease in many countries (CDC, 2015; EFSA, 2015) . However, in Brazil, campylobacteriosis is underdiagnosed and under-reported. Therefore, there are few Brazilian studies on Campylobacter and the majority of these studies used only phenotypic methodologies to characterize these strains (Aquino et al., 2002; Andrade et al., 2007; Franchin et al., 2007; Fica et al., 2012) .
The current study genotyped 63 C. coli strains isolated from clinical and non-clinical sources in Brazil using three methodologies, and compared the suitability of these methods for subtyping this bacterial species.
PFGE is generally considered one of the most discriminatory methods available for genotyping Campylobacter spp. (Acke et al., 2010; Rozynek et al., 2010; Lazou et al., 2014) . Our PFGE results showed i44.9 % genomic diversity amongst the strains (Fig. 1) . However, i80 % genomic similarity was observed amongst some strains isolated from humans, animals, the environment and food between 1995 and 2011 in Rio de Janeiro, Sao Paulo and Minas Gerais States (Table 1 , Fig. 1 ). Our analysis of subclusters PFGE-A1, PFGE-A3, PFGE-A4, PFGE-A5, PFGE-A6, PFGE-B2 and PFGE-B3 suggests possible contamination between clinical and non-clinical sources. In contrast, previous studies performed in different countries have revealed a high genomic diversity amongst Campylobacter spp. strains typed by PFGE. For example, in a study reported by Abay et al. (2014) in Turkey, 152 C. jejuni samples isolated from humans and chickens were analysed by PFGE; 81 of the isolates exhibited unique band patterns. Likewise, in a study by Anderson et al. (2012) , 168 C. jejuni and C. coli strains isolated from faeces of chickens exhibiting 34 different properties were analysed by PFGE, and a high diversity was found amongst the strains. Sma I/Kpn I PFGE analysis identified 50 different genotypes amongst the 168 isolated strains (Anderson et al., 2011) .
The high genomic diversity of this genus may be explained by the occurrence of rapid adaptive changes during Campylobacter infection or colonization cycles. Furthermore, Fig. 3 . Aligned melting curves produced by HRMA of the CRISPR locus in the 63 studied C. coli strains, which were isolated from humans (n512), animals (n521), the environment (n520) and food (n510). Variant 1 (V1; blue curve) comprised 27 strains, isolated from humans (n55), the environment (n58), food (n55) and animals (n59). Variant 2 (V2; purple curve) comprised 33 strains, isolated from humans (n56), the environment (n512), food (n54) and animals (n511). Variant 3 (V3; red curve) comprised two strains isolated from a human and an animal. Variant 4 (V4; green curve) comprised just one strain, which was isolated from food.
the observed genetic instability can be attributed to recombination within duplicated flagellin genes, uptake of extracellular DNA by natural transformation or programmed DNA recombination, amongst other mechanisms (Wassenaar et al., 1998) .
The flagellin gene is a well-accepted marker for Campylobacter genotyping that has been used for over two decades (Meinersmann et al., 1997; Ertaş et al., 2004) . Additionally, sequence-based fla-SVR typing has been reported as a reliable genotyping method that produces reproducible results (Wirz et al., 2010; Lévesque et al., 2011) . In the current study, flaA-SVR sequencing had high discriminatory power (DI50.916) that was similar to that of PFGE (DI50.986). Phylogenetic analysis of the flaA-SVR sequencing of the 63 evaluated C. coli strains led to the grouping of the strains into two main clusters and revealed i83.1 % genomic similarity between them. Similar to that observed in PFGE, the phylogenetic analysis suggested a possible contamination between clinical and non-clinical sources collected during the evaluated 16 year period in Brazil. This is particularly supported by the analysis of the SVR-A1, SVR-B1 and SVR-B2 subclusters (Fig. 2) .
The existence of high genotypic similarity amongst some strains isolated in Brazil is in contrast with previous studies conducted in several countries that showed high genomic diversity amongst C. coli strains (Harrington et al., 1997; Magnú sson et al., 2011; Giacomelli et al., 2012; Zhang et al., 2014 ).
In the current study, our flaA-SVR sequencing data corroborated our PFGE findings. Both suggested that possible contamination occurred between animal, human, food and environmental sources in the south-east region of Brazil.
Interestingly, the flaA-SVR genotyping data in the present study revealed higher diversity in selected Brazilian isolates compared with the alleles described in the PubMLST database. Of the 22 alleles found, seven were novel and have not been described previously (Fig. 2) . The most frequently detected genotypes in the present study were gt30 and gt1647. Other genotypes have been described as more prevalent in other countries. Duarte et al. (2014) found that flaA-SVR genotype gt66 was predominant within C. coli strains isolated in Portugal. Wassenaar et al. (2009) found that genotypes gt15, gt36, gt8 and gt92 were the most frequently detected in Iceland. Likewise, genotypes gt32, gt36, gt239 and gt70 were the most frequently detected in Norway, and genotypes gt34, gt36, gt32 and gt16 were the most frequently detected in the Basque country (Wassenaar et al., 2009) .
Another method of bacterial molecular typing is the analysis of the CRISPR locus (Mojica et al., 2000 (Mojica et al., , 2005 Jansen et al., 2002) . According to Price et al. (2007) , HRMA can be used as an alternative to DNA sequencing to analyse the CRISPR loci of C. coli and C. jejuni. Price et al. (2007) analysed 29 C. jejuni strains by CRISPR-HRMA and obtained eight CRISPR-HRMA genotypes. The HRMA profiles of CRISPR loci with identical sequences were indistinguishable. This similarity led to the conclusion that CRISPR-HRMA provides a novel approach for bacterial genotyping that equals or surpasses the resolving power of PFGE (Price et al., 2007) . Moreover, Price et al. (2007) stated that the value of HRMA for characterizing complex DNA sequences is not limited to the CRISPR locus of C. jejuni. They suggested that HRMA can potentially be applied to any polymorphic region, ranging from single nucleotide polymorphisms to entire genes.
In contrast to observations reported by Price et al. (2007) , in the present study the discriminatory power of HRMA of the CRISPR locus (DI50.550) was lower than that of the other two techniques used (Figs 1-3) . HRMA led to grouping of the strains into only four melting profiles and no epidemiological correlation was observed amongst the C. coli strains based on origin, place or year of isolation (Table 1 , Fig. 3 ).
Reports of molecular characterization of C. coli strains using HRMA of CRISPR loci are scarce. Our study revealed that HRMA of the CRISPR locus was not an adequate and efficient method of subtyping C. coli; different results have been reported for typing C. jejuni strains (Price et al., 2007) .
In conclusion, some of the studied C. coli strains have high genomic similarity, which corroborates the hypothesis that possible contamination occurred amongst humans, animals, food and the environment in Brazil over the 16 year study period. The states from which the strains were isolated have economic importance at the national level and are located in the south-east of the country, which is the richest, most industrialized and most developed region of Brazil. This possible contamination is of concern, as Rio de Janeiro, Minas Gerais and Sao Paulo states are important food producers and exporters. Additionally, our study showed that PFGE and flaA-SVR sequencing were efficient and adequate methods for subtyping C. coli strains; this was not observed for HRMA of the CRISPR locus.
